The intimate association of the liver with the maintenance of normal serum proteins is well established. An increase in serum globulin, with inversion of the albumin-globulin ratio, is a common finding in cirrhosis of the liver, but normal serum proteins are observed frequently in the acute parenchymatous diseases of the liver like catarrhal jaundice and arsenical hepatitis (1) . The serum protein fractions in cancer of the liver are quite variable.
Determination of the serum proteins by the usual precipitation methods has led to the conception that the proteins may be considered normal when the serum albumin or globulin content falls within the empirically determined normal range. By electrophoretic analysis, however, the protein constituents within the serum globulin may be markedly abnormal, although their sum total by chemical analysis falls within the normal range.
Electrophoretic studies by Luetscher (2) and Longsworth (3) indicate that an increase in beta and gamma globulin, associated with a decrease in albumin, occurs in cirrhosis of the liver. Only a few cases of liver cirrhosis were studied, and most of these investigations were made in the advanced stages of the disease, in which the serum proteins already appeared abnormal by the usual clhemical methods. Little is known, however, about the electrophoretic distribution of these proteins in different types of liver disease and in various stages of hepatic insufficiency, particularly in the early stages of liver disease where the serum proteins are presumably normal by chemical analysis.
The present investigation includes the electrophoretic analysis of the serum proteins of patients with acute parenchymatous liver disease, cirrhosis of the liver, and cancer of the liver. Patients with extrahepatic jaundice caused by gall stones were also studied, and the results obtained by electrophoretic and chemical analysis in the various types of liver disease and in extrahepatic jaundice were compared. Patients with varying degrees of liver insufficiency were studied in each group.
METHOD
The blood samples were obtained from the patients before breakfast. The serum was diluted with 3 parts of veronal buffer made by mixture of the required amounts of 0.025 M veronal, 0.025 M HCI, and 0.025 M NaCl to a pH value of 7.8 at 250 C., and dialyzed against several liters of this buffer for 3 to 4 days, at 30 C., the buffer being changed daily. The protein solution was then centrifuged at 30 C. before being introduced into the electrophoresis cell. The electrophoretic experiments were carried out in the Tiselius apparatus (4) at 30 C., the electrophoretic patterns being recorded by the method described by Longsworth (5) .
The concentrations of the components of serum protein were estimated from the electrophoretic diagrams obtained from the descending boundaries.
RESULTS

Normal serum
The 4 protein fractions of human serum demonstrable by this method, as first noted by Tiselius (4) and Stenhagen (7) Acute parenchyratous liver disease The serum proteins of 5 patients with catarrhal jaundice, and 1 with an acute arsenical hepatitis, were studied electrophoretically (Table III) . The catarrhal jaundice patients were between the ages of 5 and 25 and were rather severely jaundiced, with icteric indices between 21 and 40. 
Cirrhosis of the liver
Electrophoretic studies of the serum proteins were made in 12 patients with cirrhosis of the liver (Figure 4 ). The diagnosis was verified in 8 of these cases by autopsy, biopsy, or peritoneoscopy. Atrophic cirrhosis of the liver was found in 6 cases, hypertrophic periportal cirrhosis in 2, polyserositis with cirrhosis of the liver in 1, and pellagra with atrophic cirrhosis in 1. These patients were all severely jaundiced with icteric indices between 30 and 120.
The abnormality of the serum proteins is more pronounced in cirrhosis of the liver than in any other form of liver disease. A decrease in serum albumin or increase in serum globulin, determined chemically, was observed in 9 of 10 cases G. 2.37. No. 15. 
FIG. 4. CIRRHOSIS OF THE LIVER
Cancer of the liver
The protein fractions were analyzed electrophoretically in 7 cases of metastatic carcinoma of the liver ( Figure 5 ). The primary source of the carcinoma was the pancreas in 5 cases (Table V, Common duct obstruction Jaundice alone does not produce significant alteration of the serum proteins ( Figure 6 ). This fact was demonstrated in 5 patients with a common duct stone, whose livers appeared grossly normal on surgical exploration. globulin distribution with normal albumin-globulin ratios were seen in cirrhosis of the liver (Table IV , case 20) and in metastatic carcinoma of the liver (Table V, case 58 ). The differences in the albumin-globulin ratios obtained electrophoretically and by fractional precipitation are least discernable in cirrhosis of the liver. Here, the serum proteins are so definitely abnormal on chemical analysis that the albuminglobulin ratios determined by both methods approximate each other closely (Table VII) . In metastatic carcinoma of the liver, however, the albumin-globulin ratios obtained electrophoretically are more abnormal than is suggested by the chemical determinations, while the A/G ratios in common duct stone are essentially the same by both methods of analysis, and are identical with the control studies. DISCUSSION These studies indicate that the diseased liver is unable to produce albumin as readily as the normal liver, and the more severe the hepatic insufficiency, the greater is the impairment of albumin production. Consequently, in cirrhosis of the liver with severe diffuse hepatic damage, the protein abnormalties are more pronounced than in any other form of liver disease (Table IV) . Albumin values below 40 per cent were observed in 6 cases of cirrhosis of the liver in the late stages of hepatic insufficiency, demonstrating the relationship of severity of disease to impairment of albumin production. The effect of external protein loss will be discussed later. In general, the mean serum albumin was lower in cirrhosis of the liver than in any of the other liver diseases.
Although the degree of liver damage and hepatic insufficiency was considerably less in the patients with acute parenchymatous hepatic involvement, marked impairment of albumin production was observed (Table III) concluded from these studies that although the protein abnormalities may be slightly more pronounced in the patients with ascites than without it, the abnormal protein determinations result primarily from the liver insufficiency itself. The more severe the impairment of albumin formation in the liver, the greater is the attempt by the body to compensate with an increased output of beta and gamma globulins, especially the latter. Consequently, in cirrhosis of the liver, where the albumin values are lowest, the gamma globulin determinations are highest, consituting 44.4 and 49.0 per cent of the total protein in some cases, and averaging 29.3 per cent more than twice the normal gamma globulin value.
The most consistent and characteristic globulin abnormality in liver disease is the increase in the largest molecular weight fraction, the gamma globulin, and the impaired production of the smallest molecular weight protein, the albumin. These changes are seen most frequently, and to the greatest degree, in cirrhosis of the It is interesting to observe that in several cases in which the serum albumin was very low (below 40 per cent), and the beta and gamma globulin did not sufficiently compensate for the decrease in albumin, the alpha globulin was increased to 9.8 per cent or more (Table IV, cases 25, 35 , 36, 47, 62), indicating that in extreme cases where the liver does not adequately compensate by producing an increase in the larger beta and gamma globulin fractions, it may then produce an increase of the smaller alpha globulin as well.
Abnormalities of the serum globulins are less prominent in metastatic carcinoma of the liver than in any other form of intrahepatic disease. This may be explained by the fact that in this disease there are areas of cancer tissue dispersed through and surrounded by normal liver tissue, and since the reserve of the liver is very large, the serum proteins are not appreciably altered until the very late stages of the disease.
Jaundice alone causes little change in the serum proteins, as demonstrated in the 5 patients with common duct stone. Although the icteric indices were quite high in these patients, the serum globulins were essentially normal. 5. Significant increases in beta globulin were observed in all types of liver disease, but to a considerably lesser degree and frequency than the gamma globulin changes. 6 . Abnormalities of the serum proteins are less prominent in metastatic carcinoma of the liver than in any other form of liver disease.
7. The serum protein changes in liver disease result primarily from the inability of the liver to produce normal serum proteins, rather than from external loss in the ascitic fluid.
8. Jaundice alone does not produce significant serum protein changes.
